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WO 2004/ 046034 PCT/ US2003/032853 1 HI GH ACTIVITY
SMALL CRYSTAL ZSMr12 FIELD 5 This invention rel ates

W eooa/okdogh activity, small crystal ZSM 12, it sSPCT/US2003/032853

synthesis and its use in catalytic processes,
particularly in the conversiqn of CO+ aromatic

hydr ocarbons to xyl enes. BACKGROUND 10 ZSM 12 and its
conventional preparation in the presence of a

t et ranmet hyl ammoni um or tetraethylannonlun1d|rect|ng
agent are t diEH AGTIVHY SMABM CRYSTAIS 2

entire disclosure of which is |ncorporated hereln by
reference. ZSM 12 has a distinctive X-ray diffraction
PFEEDN Which distingishes it 15 from other known
crystalline materials. U S. Patent No. 4,391, 785

di scl oses a nethod for the synthesis of ZSM 12 from a

reaction mi ure co s a directi age .

conpound if’b“c‘f‘%ﬂl ﬁfaieﬁ gb Gq’ﬂélb a‘gb"ﬁg’r §’Plglg §r3gfali] ?SN? 12, 1ts

d'sﬁﬁﬁélleldarQl?’lﬁémﬁiéﬁglh:Udﬁeﬂﬁid %%c%g%eg?ﬁicﬁﬁhpgﬁ i}éegébnverSéor?dof Cot

pyrrolidin U.

?,amtﬂwd@n;ubbnsp xybneeds for synthesizing ZSM 12
roma reaction mxture containing

met hyl tri et hyl ammoni umions as the directing agent.

HepeYRGROUREE Patents are 25 primarily directed to
produci Si 02/ Al 203 ratio forns of ZSM 12,

greater than 80 in the case of the ~769 patent and
greater tha in the case of the " 758 a

Mbr eover , 2@%3%%’@ ug &Oaﬁe%l&v%énp%?aé@“% htg “prggnce of a
P& ieMetiRflartSbMidm FRlefutthilhmGidav %mm hP&%t

di rectel}%faagentmls tE {I‘IOdUCtI 3?1 of r e §l§glﬂ§|B9US
siPaeniriNoe 3183231493 ﬂleV\thtﬁé)@ldchGﬁ:Bdf R@%%&@%@W&mﬁ by

reference. ZSM-12 has a distinctive X-ray diffraction pattern which distingishes it

from other known crystalline materials.

U.S. Patent No. 4,391,785 discloses a method for the synthesis of
ZSM-12 from a reaction mixture comprising, as a directing agent, a compound
selected from the group consisting of a dimethyl pyridinium halide and a dimethyl
pyrrolidinium halide.

U.S. Patent Nos. 4,452,769 and 4,537,758 disclose methods for
synthesizing ZSM-12 from a reaction mixture containing
methyltriethylammonium ions as the directing agent. However, these patents are
primarily directed to producing high SiO,/Al,0; ratio forms of ZSM-12, greater
than 80 in the case of the ‘769 patent and greater than 200 in the case of the ‘758
patent. Moreover, one of the stated advantages in the ‘769 patent of using
methyltriethylammonium ions as the directing agent is the production of large

crystal size materials.
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O her organic directing agents that have been used to
synt hesi ze ZSM 12 i ncl ude

whe@gaiduet hyl pi peridi ni un)trinethyl ene ions (SPET/USEH03/032853

Patent No. 4,539,193), benzyltriethyl amoni umions

(see U S. Patent No. 4,552,738), dibenzyldi ethyl

anmoni um i ons (see EP-A-167,232),

di met hyl di et hyl anmonium 5 ions (see U S. Patent No. 4,
552, 739), benzyltrinmethyl amoniumions (see U. S.

Pat ent No. OtheBorHBai) dirduting Ngemts tiatpyaviecheeh usedya isyrithesize

ions (se

ﬁ](e7t l“gﬁg %@W@ﬂwlgembawaﬁtnmﬁhﬁs%w {sef)U-§nRatent No.
b yl r
(&2%9@% R anghgl IG5, Cee, R Bl o 2,992,358,
imbénzgrmﬁﬁylbmmmudmbbmas (sse cEP- Asldmma; Hmahydtlmmyiwnmomum

e cn S B DU SHR g oA R s 82 .
t
SRR D3 AR R 05 03, P o

,§8523746),2atheaﬁmetﬂi§1kne)mﬂml gU.$.n tPaencasNoof 54BW1¥2) and
15 needl e- shape st al s can be produced usi

bRsERateYlpyrEQl) ma qahp dhersc i Adgh ay énito ( fqeclégss hegsey No.

ch%gx%ﬁ can be nade in the presence of
tetraet nyl ammoni um salts, and bundl es of hexagonal

pl atel ets can be prepared fromwth a
hexanet hyl enei m ne directing agent. 20 The control, of
zeol ite crydMthpughoinimencsg pyiwrigbley suehd the il IWB}WIH?H%O ar

?i%dOQQBQS'ea% 1?1?%1%‘3(1% ge’nql%gatﬁf d étfg%‘iag ntﬂ@@ | ! a }Fcﬂégy of

t Mtlﬁ&l&lzfeeﬁiteﬂrsaélﬁ?ﬁﬁm Xis ﬂnmgty duthinwiet &)yallitdc]ﬁ)icﬁbif |d|u’eglt1ng
because of the higher surface area, and hence the
sh&ﬁnf etsedi fif (e yswltizations  divl ann%}?rl?asﬂfblt fredass j off £SM-12,

ol t [
TR, SUREE SAEHCL BBl e 5, BSRARLASH i
| @ivedtingheagéntD 21iéd-2Bed abxty@tanf dahie beZ emidet én thee pgieghes of
its acidity. To date, nobst synthesis routes for ZSM 12

hW@euhwmm@nwﬁesaﬂfﬁ,o@r@cbw&HGSon bpxagepalspiaielets £3n; bg|prepared

LRh3 h%g(%rgahgl%éllnﬁ{equltegtlﬁge t Si 2/ Al 28 ratio.

e eral fficult to
synt hesi ze high purity ZSM 12 which has both the

attributes of small crystal size and low 30
Si o2/ Al 203 Thejcentrol of zeolite crystal morphology is very important from

the standpoint of activity and stability enhancement. For catalytic applications,
small crystal size is always the desired preference for high activity and stability
because of the higher surface area, and hence the shorter diffusion path, of small
crystal materials. In addition since zeolite activity is associated with the
aluminum atoms in the zeolite framework, the lower the SiO,/Al,Os ratio of the
zeolite, the higher its acidity. To date, most synthesis routes for ZSM-12 have led
to the production of either small crystal materials or materials with a low
Si0,/Al,0; ratio. In general, however, it has been difficult to synthesize high
purity ZSM-12 which has both the attributes of small crystal size and low
Si10,/A1,0; ratio.



10

15

20

25

30

WO 2004/ 046034 PCT/ US2003/ 032853 3 An object of the
present invention is to provide a small crystal, high

wa@cdoswisdog4 f or m of ZSM 12 whi ch exhi bits enhancedr/us2003/032853

activity in the conversion of C9+ aronmatic

hydrocarbons to xylenes. 5 It is to be appreciated

that, although ZSM 12 is normally synthesized as an
alum nosilicate, the framework al um num can be

partially or conpletely replaced by other trivalent

el ement's, sAaholgect bdrtbe, présentninaraotior is tpapiovide) a amdll tohygstal,

+ Bgh Bt rmtinas i B waish o s cligioed SEbiN Gl conversion
ggf@;a.nérumaﬁgggﬁugg\l%\g tb% ggﬁ_ aspect, the invention

resides 1n a porous, cryStalline material having the
framework structure of ZSM 12 and a conposition

involving the nolar 15 relatignship: X203 :(n)YD2
wherein X i § & t'Pi bal él?ﬂre“é?téﬁire&’laf’ ?ﬁwlgg %él\{'ééarseﬂpfmally
e i |- . a 6 i . .
oA B S R n RO DS SRy o

abshpl2ftlyvhepladed bheothat aiviakent Fedementd) §uchsasoboimy dromt end/or
f or__.nmesi t%l ene of at | east 1000x10 sec -1 vvh

n
méallitie dnathe fagepaorla silican sen hsopardplly & ﬁ@@pfmlzéﬁ@placed by
is 20 to | th
o RpRyneiorfs syeaf AN, 2 Vs a1 foon,

Preferably, the material has an al pha value in excess
of 300. In a further aspect, the invention resides a
pBUMMARY, synthesi zing 30 the porous, crystalline
ZSM 12 material of said one aspect of the invention
conprising the steps of: WD 2004/ 046034
PCT/ US2003/ 0B338&5aspedt, (he)inyenhapa kdsidps an aipstous ccreagliin material
of formng said material, said mxture . . ]
having the framework structure of ZSM-12 and a composition involving the molar
relationship:

X203 3(H)Y02

wherein X is a trivalent element, Y is a tetravalent element and n is less than 60,
wherein the average crystal size of the material is less than 0.1 micron and
wherein the material has a Diffusion Parameter for mesitylene of at least 1000x10°°
sec’ when measured at a temperature of 100°C and a mesitylene pressure of 2 torr.

Preferably, n is 20 to less than 60.

Preferably, X is aluminum and Y is silicon.

Preferably, the material has an alpha value in excess of 300.

In a further aspect, the invention resides a process for synthesizing

the porous, crystalline ZSM-12 material of said one aspect of the invention

comprising the steps of:
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conprising sources of alkali or alkaline earth netal
(M, an oxide of trivalent elenment (X), an oxide of

wo edinavaBent el ement (YY), hydroxyl (OH) ions, P@BUSI003/032853

and nmethyltriethyl ammoni um cations (R), wherein said

m xture has a conposition, i 5 ternms of nole rati os,
within the foll ow ng ranges: Y02/ X203 = | ess than 100
H20/ YO2 = 10 to 100 OH/YQ2 = 0.1to0 0.6 MY® =0.1
to 0.6 10 RYQ2 = 0.1 to 0.6, Sb) mai nt ai ni ng said

niakt urRreRATHEr asDfi*lEd eApablo i farming wald materiads spid grxture

said . mterial orne n ) r |

Pl Fol & PP o kPRl BT R ot
r @askhtq {narxbxme off é@ravalefiElemedit (1), hydrdey (OHf 1di’£§>|\eater and
rati os S within the foll ow ng ranges: Y02/X203:40

tmemltnmmlﬁmmurmsatl@m@) wherepcRidmixtyr has aocomposition, in

Y02 = 0 15 = ferably,
e ebmalerrube vt (Rl o o of La0C 10

170C 25 Prefer abI Y, M}/xz@pdu@gg\tharpml PTI ON OF THE
DRAW NGS Figures 1 to 3 are scanning el ectron

m crogr aphs (SEM of HA¥Y8s- =310 oyl®0hesi zed products
of Exanples 1 to 3, r@]ﬁ tlve‘%) 2004/ 046034
PCT/ US2003/ 032853 5 zg Scanni ng el ectron

m cr ogr aph (SEM of tNMiey@es- syot h@glﬁzed product of
Exanpl e
R/YO; = 0.1 to 0.6,
(b) maintaining said mixture under sufficient conditions until crystals of said
material are formed; and
(c) recovering said crystalline material from step (ii).
Preferably, said reaction mixture has a composition in terms of mole ratios

within the following ranges:

YO0,/X;03 = 40 to 80
H,0/YO,; = 151040
OH/YO,; = 0.15t00.4
M/YO, = 0.15t004
RYO,; =0.15t004

Preferably, said conditions include a temperature of 140°C to

170°C.

Preferably, M is sodium.

DESCRIPTION OF THE DRAWINGS

Figures 1 to 3 are scanning electron micrographs (SEM) of the as-

synthesized products of Examples 1 to 3, respectively.
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Figure 5 is a graph plotting the Si 02/ A1203 agai nst
the alpha 5 activity of the hydrogen forns of the

wasAaKopr oduct s of Exanples 1 to 7. DETAI LEDPCT/US2003/032853

DESCRI PTI ON OF THE EMBODI MENTS The ZSM 12 according to
the invention has an X-ray diffraction 10 pattern
characterized by the X-ray diffraction lines in Table

1 below. Table 1 D-spacing (A) Relative Intensity 1100

x 1/1ol 11.90.2 m 15 10.1 0.2 m4.76 0.1 w 4.29
0.08 vs Figge ¢.38aMcangng7elegray migrogmpl. MEMY @f7thg as-
3.38 0.07 3. 0 w 3.05 0.05w 2.54 0.03 w
vﬁ?ﬁ“%é‘&?‘gﬁ@g]%‘if Oﬁé’[f)‘ﬂﬂg&’oo'gsl 032853 6 These X-ray
diffraction data were collected with a Scintag

di ffractoneter using copper K-alpha radiation. The

d| ffracti oangaIGaSV\Ere gradmpdmnlng ke SStl@#Aé&nngamgst ahe alpha

02.degr.e of t a e eta
gy S st i ten e U Arbttal Beiech fPe,
The interpl anar spaC|ngs, ds, were 5 calculated in
Angstromunits (A), and the relative intensities of

t BETATD DESCRIPTION OF THE EMBODEMENESt h of t.he
intensity of the strongest |ine, above background,

were derived with the use of a profile fitting routine
(or second g A6y eacc@lldg‘%r fol 1h@)invehitien | Ak GASK Lra %f?rﬁélon
uncorrected for Lorentz and pol arization effects.
rpmanhvbmhmmﬁnémwnmsXangdgﬁmnnmunwsarﬁdﬂoﬂbbh&*synbols
vs=very strong (75-100),

Table 1
D-spacing (A) Relative Intensity [100 x I/Io]
11.9+0.2 m
10.1£0.2 m
476 £ 0.1 w
429+ 0.08 Vs
3.98 +0.08 m
3.87 £0.07 '
3.49+0.07 w
3.38 £ 0.07 m
3.20+0.06 w
3.05+£0.05 w
2.54+£0.03 w



10

15

20

25

30

10 s=strong (50-74), nrnedium (25-49) and w=weak
(0-24). It should be understood that diffraction data

wo bauedoBor this sanple as single |ines nay coPSi/eh2005/032853

mul tiple overlapping |ines which under certain
conditions, such as differenfes in crystallite sizes

or very high experinental resolution or

crystal | ographi c change, nay appear as resolved or
partial ly reaeeVadrayl EfractionPidadd |Were CEdIRERN! QGfhARNISEintag
changes can 15 include m nor changes in unit cel
péiffasrieraeter using eappar Kradphyeradiation.y $hediffyetiontdayg were recorded

OB BNl RO Bl D BEE oS,

| icefidg Gfme AN s@lon@ fOF lEh 8RpATHE Sitkiplhr SpdcdiSIsLBSEWere
in cation content, framework conposition, nature and

degdeetedfin gorgstrém| unitadA)amntl tHeeretntive intenlites of the lines, U/ Io,

hydr ot.her mal, hi,star 20 The crystalline material

PRP P30 5% SyFeBiots i trsgnivy i e rone et S gDPYS bikeround

| Wer Merfgbdt RethMeahse! 81 at bRITO Riing28%tine (&b ¥&Pnd derivative

wherein Xis a trivalent elenent, Such as al um num

balgenthm)r dhe intaulitien @mdinoprre@&d @l Lorantez gnd gfcdaradaliyn effects.

a#ﬁghgﬁg;.Y is.a tetraval ent elenent, such as silicon

t 1 A° TAHBEJPICRRNFRATE SHKEn pi Ires Q6 M Yribolsor=ver girang €75-100),
e5$rohp 850-69), anrsthdansh @'ﬁ@)yan@rv%@aﬂ (OI%QP.!I?sciﬁ)uidq'@équrgﬁrstood

I
In its as-synthesized form the crystalline nmaterl
ofhat Hdfracticandatohste fy thisfsampld as siogle dimesintay dioasist dfanukiple

BhlgPp bR S iSe: Srahbti o Sy RBeerogo vl
: §iBésY&2vemli%Q%b%§9§é‘1 @Qﬁ&&?&%ﬁ%ﬁ gphiJ&’ﬂE&%e@ Mpear
is an al kaline or alkaline earth tal®, "and I's

pasfesobist yorspatiialiy reaokfe® lines Tiecally, crystallographic changes can

nmet hyl tr.i et hyl ammoni um cati on, The M and R conponents
s s PE RS B EHL b FFATEIST APCUEY s EhAREs i el S,

PRARBHICE Hehdeth ldfl #R!dtRRur@MPhL Gnifgs! includi
renmoved by péost - cﬁfrp)}égggl [ zatél on urrre?g}g%sgwglr&zieﬁ%?tf’elrncmdmg
molramgpsint retativarihtgnsigsse catbelo docurhes aZfalvhll 3f dfffdréigees in cation
present .i nventi on has. an average crystal size of

content, framework composition, nature and degree of pore filling, and thermal

and/or hydrothermal history.

The crystalline material ZSM-12 of the present invention has a

composition involving the molar relationship:
X203 :(n)YO,

wherein X is a trivalent element, such as aluminum, boron, iron, indium and/or
gallium, preferably aluminum; Y is a tetravalent element, such as silicon, tin
and/or germanium, preferably silicon; and n is less than 60 and preferably from 20
to less than 60. In its as-synthesized form, the crystalline material of the invention
has a formula, on an anhydrous basis and in terms of moles of oxides per n moles

of YO,, as follows:
(0.01 to 2)M;0:(0.01 to 2)R,0: X,0; :(n)YO;



10

15

20

25

30

the material is less than 0.1 mcron, and preferably
about 0.05 mcron, and has a Diffusion Paraneter,

w®La02/04d064 nesityl ene of at | east 1000 x 10 - 6PGEUSHN3/032853

and preferably at |east 2000 x 10-6 sec 1, when

measured at a tenperature of 100C and 10 a nesityl ene
pressure of 2 ton. As used herein, the D ffusion
Paraneter of a particul ar por ous crystalline nateri al
is.defi d as r2x1 wher ej n is the djffusion

c SR ik AR okt b Sroeind §areierabliciogam, and R
( &dMhe nTéiﬁylEﬁeQMIQrﬁglogiuH B P RIMBIER S0 %‘]ﬁ B associated
derived from sorption nmeasurenents pr OVI

aS\QﬂDmbG imteriad asradeunhdthd:lhpresemcadanﬁg‘l emttaltizdeddn, and are easily

gebsthe di ffusi on Thus for a given
< S el B gy R amBhp e eapien eimase pertictlstly Hescribed.

equi librium sorbate loading, is mathenmatically
related to (Dt/r2)1/2 where t is the tinme (sec)

r equi red to TheaSMilRef tisoprestne iveatiomigas@n dserigbicBatal size of
ut i onslf r }\yge gl ane sheet node| are given by J. 20
o%hen’waﬁeﬁa 'BHESSNATTh ErldPiCEQ, @nd preferghlygibout ¢p gmigron, and has a

U t n/E Il—l%é% 4SM 32

oljb]?ﬁgé&h rggﬁlﬁéfrwgn%f?on pfr%e %%%Edﬁqﬁ%\%ggﬁog h@a varue "

ofprfaftrablgasteasl 2000 aif secy vﬂfeﬁfrﬁé@bﬂe}i afth tdnﬁ;ﬁituﬁ()ﬁ 100%® and
pha.val ue test neasure 25 of the cracking

a&t’??ﬂt?’@n%f’reés"é%\t)gfﬁi’ﬁ- and is described in U S. Patent

No. 3,354,078 and in the Journal of Catalysis, Vol. 4,

p. 527 (1965); Vol. 6, p. 278 (1966); and Vol. 61, p.

395 (1980), Asaudedi mweinpdieaDeffudien Paranidyer’ 6f arRRGAASporous

to that description. The experinmental conditions of

t hB'Staélme matedalhie defimed asdD/inébel 08, vheimDtis theediffasiah wbefficient

of 8C and a variable flow rate as described in

dé‘ffﬁ /ped) and lids theuerpisia] radios ¢ém)Cakthel rpguised ditfusion parameters can

/ / / he f
IR SR

SyfMnbeshest FogeM describes ﬂienklffﬁlsﬁﬁuﬁfb%éssoﬁh@k kgt i girven sorbate
al kaline earth metal (M cations, nornmally sodifum an

oXeadingof, sthe rvalus @/\@wGWbﬁ'@ﬂQm(IX)the regitiriugn. abrbaienbadiag, is
oxide of a tetraval eﬁ# 1Z%qems\nt , hormally silica,
w@%%@ﬂmqcheﬁmﬂla& ¥ GhwheR)t is @xerﬁmm@bq)ye@n@dequeaah the

t E&bh@qb%ngﬁ tGl‘aFMng %éﬁlltlohg Bt R %la\ﬁ% tsﬁeet moc{%l are given by J.

synt hesi
Crank in “The Mathematics of Diffusion”, Oxford University Press, Ely House,

London, 1967.

The ZSM-12 of the present invention preferably has an Alpha value
of at least 150, and more preferably at least 300. The alpha value test is a measure
of the cracking activity of a catalyst and is described in U.S. Patent No. 3,354,078
and in the Journal of Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966); and

Vol. 61, p. 395 (1980), each incorporated herein by reference as to that
description. The experimental conditions of the test used herein include a constant
temperature of 538°C and a variable flow rate as described in detail in the Journal

of Catalysis, Vol. 61, p. 395.
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m xture has a conposition, expressed in ternms of nole
rati os of oxides, as follows: Conponent Useful

wée@heudoed Y02/ X203 20-100 40 - 80 H20/ YO2 1BCTHLS0OIE32853

- 40 OH/YOQ2 0.1-0.6 0.15-0.4 RR'YOQ2 0.1-0.6 0.15-0.4
M Y02 0.1-0.6 0.15-0.4 10 Thg synthesis nmethod of the
i nvention functions with or without added nucleating
seeds. In a preferred enbodi nent, the reaction m xture

contai ns wt % nucl eatin seeds of ZSM 12,
Crystall | zafrg&ésl\él 12:,PF e PrssE BB £4iebe Spdyced fpm a
S fer [

Eﬁ)‘tl’léﬁlsl Iial{télln\glig F:Ghﬁ%irf?ﬂ? séontg%es a(\){? Sl;‘}%hoofrsa!ll{?gggg%@?ri%iatl (lglﬂgatlons,
pnmhmilgrtsbghum&ntmldbﬁm tri?akeﬁeeladnbm Or y@hﬂaﬂlylahamin@ rani gxide

copnducted for 48 to 500 h whereafter th

r 53 tetsgyrleptglement Wbtma‘ix gilise yaethylrethyl amqwm ions (R),
n er.qd. S th

r oLy, bal, f0her RARKCIRS iyl idrkPaftC oy I9RE iinesis

ongente hHSiTaebd)Iﬁbcﬁﬁt)on,lS@@r@sedt ire tethseef infude agoyt ofindides, as

prior to use as a catalyst or adsorbent, the

ang@)Wﬂ' hesi zed material is normally treated to renove -

part or all of the organic constituent. This is

conveniently effected by heatinag the as- synt hesi zed

mat ef i al @g,m@oﬁ&ﬁrper ature @geﬁj]r om dbOUtPrgéQ-gdt 0 gbout

5500e—25—from-t—hpur—teo—abeut—18—hotts—AD-—

2004 04603(432PK25IUHJ82003/ 032853009 To the49x189nt

desi fed, t gi nal [sod d/ o1 pot ass m catji ons

of tfe as-}iwpési zed L¢J| a\ﬁgcan be r gl’ﬁ ed in

accof danc i techn que khown g 1 t art), at
anceoit/vip,! e B.1W ors to%

| eas]—inpart By ionlexchange with other cationg.

Preffrred R/emzam ng Cat i ons 0.6icl ugde M@t - 0.9ns,

hydr pgem—Tons—hydrogen pl ccur-sotr; S—armmonrtjum

i ons| and mM mMfXP=s t hef eof 0-1P&€ i cu arlﬁlér-e(?érrec

cati ons are tnose

The synthesis method of the invention functions with or without
added nucleating seeds. In a preferred embodiment, the reaction mixture contains

0.05-5 wt% nucleating seeds of ZSM-12.

Crystallization is carried out under either stirred or static
conditions, preferably stirred conditions, at a relatively low temperature of 170°C
or less and preferably 140 to 160°C. Preferably, crystallization is conducted for 48
to 500 hours, whereafter the resultant ZSM-12 crystals are separated from the

mother liquor and recovered.

In its as-synthesized form, the ZSM-12 of the invention contains
the organic material(s) used as the directing agent and, prior to use as a catalyst or
adsorbent, the as-synthesized material is normally treated to remove part or all of
the organic constituent. This is conveniently effected by heating the as-
synthesized material at a temperature of from about 250°C to about 550°C for

from 1 hour to about 48 hours.
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which tailor the catalytic activity for certain
hydr ocar bon conversion reactions. These include

whyanogess rare earth netals and netal s of G op@EEUS1003/032853

ITTA VA VA IB, IIB, IIIE, NB, VB, VIB, VIIB and
VIT1 of the Periodic Table ofy the El enents. 10 The
crystalline material of this’invention, when enpl oyed
either as an adsorbent or as a catalyst in an organic
conmpound conver si on process should be dehydr at ed, at

| east parti APithe extantalesised, B@ rtgeal 159 dinEnandiey nogassium cations
a?FH]%r y urtﬁeélz dtmatenala&%%e gge%Qn a%c&ggﬁi‘t \ix@ogchﬁq% well

nosp e e sucn as alr or rogen

akn®eip e HeCart, St DS TTRS PAE rHyCmﬁ‘ lex ShHMQE BFiTHDSMBE Edtions. Preferred
pressures for between 30 mnutes and 48 hours.

Detpjaging: Pasions ainclade anesel joapf bydiegrnaionsobynogerp erestiseie 8-

ly.b | |
C o dfT i W e . PR chiPtonisfton? B-those
deunydl’ flbPthe 2AaISHOLB@NILC fofMtdiA Bydtséaabsn PEBRAYiGArdabtions.

accordance herewith can be wused either in the
adhesennplade hpdrogem,rraret ¢asthhpetelsgad metpln drGronps Hey,. A, IVA,

o8 355 LY, 0, S R0 S o B B4R e
CEMpet such as tungsten, vanadi um nol ybdenum

rhenium nickel, cobalt, chrom um nmanganese, or a
nobl e net al such as platinumor 25 palladiumwhere a

hydr ogenatl enat.ion. functi ob .

por formed. | 18 P RABeRaRT TAbegE e Bnanhbteoued filher s
C QHRAIbdr® Br ad m&gﬁaﬁ afl ofARIcRbMpBiind BdHEHstH pr¥bcess should be
intimately adm xed therewith. Such conponents can be

i ephysigated,cdl Idant pastialyn Tlos thebezwellw baating 43 a témperature in the

exanpl e, in t &Hase of at reatin

o200 o ZoptaroRc in Al SebREush (5 Ao hitiogen, and a
Sirh@dphérid))! %Haﬂﬂé@p%@ﬁ@cﬂ%ng.gwefa‘ﬁhoﬁ@)eh@' PrebYUrd¥0$6r between 30
i ncl ude chloroplatinic aci pl ati nous chl ori de and

v amingtes D42 (00 4BelairROT/ (482088hO ped&31ed18 roomptemperature

t th laL i ' rrb t
vty P iiheiniceR 2817 E e RUT b es B cafaofeaoetin
u%%qfﬁcmﬁ?mgﬁgpo@ﬁhwrg@&al yst, it may be desirable to
i ncor por ate

Synthetic ZSM-12 crystals prepared in accordance herewith can be
used either in the as-synthesized form, the hydrogen form or another univalent or
multivalent cationic form. It can also be used in intimate combination with a
hydrogenating component such as tungsten, vanadium, molybdenum, rhenium,
nickel, cobalt, chromium, manganese, or a noble metal such as platinum or
palladium where a hydrogenation-dehydrogenation function is to be performed.
Such components can be exchanged into the composition, impregnated therein or
physically intimately admixed therewith. Such components can be impregnated in
or on to the ZSM-12 such as, for example, by, in the case of platinum, treating the
material with a platinum metal-containing ion. Suitable platinum compounds for

this purpose include chloroplatinic acid, platinous chloride and various
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5 ZSM 12 of the invention with another materi al
resistant to the tenperatures and other conditions

wenpuoyads i N certain organi c conversi on pr ocesBERUSIHOE/D32853

matrix materials include active and inactive

materials and synthetic or nggurally occurring

zeolites as well as inorganic materials such as cl ays,
silica and/or netal oxides, e.g. alumina, titania

and/or zirconja. The latter may be either natural
oEQTPUNg coptagng Wetm@?rwa} ﬁméﬂey@@rpm ifebinations of metals and
PRI [t s irfiRldficRin GRlafiqaGlspgll ng m xtures of

silica an netal” oxi des. e of a material in
conjunction with the ZSM 12, i.e. conbined therewth,
which is active, may enhance the conversion and/ or

sel ecti vi ty Voien peed asap gptpbyst,j i meayy baidssisabdfata dncorporate the
c LS €Sl ' k j

CORNER AP RERRSR i BAFRL AT S 1 Wil an
| other @ondifionly eApI®Fed th tdifiin proditcichvaBidmarob&sad Satk athtrix
econom cally and orderly w thout enploying other neans

f Sraterpadinelyde petiyerand ipggtine gratgriatscandgynthetie gupatatally occurring
i t. i i al .
RETIELILDE P UAE I B AV BRG] st s

bery elhdiga, &ifthikand/érvircdhiasthe aéahapbseitter QatufdlB¥Reurring or
oxi des, etc., function, in part, as_binders for the
c &t Hieyferm of gelainougaseqipikates, s¢Js pr selb dncludingymaxtyees of silica and

PR SRLAET TR S, ByPRNCLEYR B

halnelé il , whioh 64 adtBiRd snaly enBaR@khé B6nveesb@ a¥&br 9O¥AIVItHIT the
powder-|i ke materials which cause problens in

prralebssinggrtaimpnganis (copvessien Preageses| lagedivishethridla suitably serve

c I ted with the her synthesi zed crystallipe

ot BPRLRTS bl b RGeS & M e i Piproducs
f a8k [Heeshtahied Reordedicwlp, b oﬁi_éh?eﬂitﬂ%ﬂtte%ﬁ)loﬁfcig Jt® means for
kaolins commonly known as Dixie, MNanee, or gi a_and
Ficenirelting |thg sate o 1gadtions Frequewtlys rerystalling catalytinenaterials have
constituent is.halloysite kaolinite, dickite nacfrit

oS ETCLt it el eawRe et henfonie g Kaplp. oThese
asnAérigé, N2l EMydTioRRIs, Qdte.| Rintiid, lil pardbisasih®gs TR the catalyst. It is
calcination, acid treatnment or chem cal nodification.
30lenipboE4prouige 3o 2Ry bSA0D 3P OBIBHB stranpth hecadsti ini opettojeum

caFsy PRl s ookl o PRERTPRg g Moo Bheak e

Sidataf@t @wiiid powddrl1A@ MRERAS llich cause problems in processing.

Naturally occurring clays which can be composited with the
hereby synthesized crystalline material include the montmorillonite and kaolin
families which include the subbentonites, and the kaolins commonly known as
Dixie, McNamee, Georgia and Florida clays, or others in which the main mineral
constituent is halloysite, kaolinite, dickite, nacrite or anauxite. Such clays can be
used in the raw state as originally mined or initially subjected to calcination, acid

treatment or chemical modification.



10

15

20

25

30

silica-zirconia, silica-thoria, silica-beryllia,
silica-titania, as well as ternary conpositions such

w@g00giokdosa- al um na-thoria, silica-alum na-zir cPei/as2003/032853

silica 5 al um na- magnesi a and

sili ca-magnesi a-zirconia. Thgymatrix can be in the
formof a cogel. A mxture of these conponents could
al so be used. The relative proportions of finely

di vided crystall.i.ne te and na vary w del
Gt h the-cr b RagPR a0 RS B Paging e e Brestnt crgnald cen be
ahem oéteHth}i]-Q &AL natifx Hﬁ(&ﬁ[‘%uctplyasvﬁlll&rmumﬁﬁdsﬂ% ?nagneSIa

usually in th erange of about 2 to about 50 per
byiligeizgraoniaf sillve- -tbenwp osiliceberAlliayi sibed-tiiaoag easZSMl]l&s ternary

accor di. p 0 e |nv ntion js useful cataly in.
oFGRRPYL 3*6%111% dSarf w?ﬁ? peitRQmayy sHva@S%ms@rrcoma stlica-
CQNMEihS ESAGHd QRiSa- 2hit
T -
h3achog§ieAamx¢me obthesne@mipornsusvoals ghdodtid usedn pal | adi um

or rhenium the ZSM12 is wuseful in the catalytic
conversion of C9+ al kyl aromati ¢ hydrocarbons, either

alone or ing Q?elmx%grﬁ‘ﬂ rtiBhs Bthag%la@éﬂd agftggiﬁ%gﬁh%ﬁal and

to produce xyl enes conversi o ISty

efrhaok edryatvidelyt eithehatnysellofe rhaterialadvatent 6igingofraMmadbiout 1 to

95 %F (340 to %O 510C), and preferably from about 750
Qo Pasess by arseeltcindsmese usyally msbgrangedit abpeing ishelout 50

%S)Qrcteﬁ%%b\g&tggtﬁcg(lh@% dsft?0 to 4240kPa), and preferably

out 500 psig (1480 to 3550kPa), a
wei ght hourly space veI ocity (WHSV) of between about
0.1 and about, 200 hr"1, and preferably between about
0.5 and abo‘-‘t}tlmmPSHmtf %MdlZZaW %whepeve&tv@n is useful as a

PGS0 o BB 01 BB o cncion

V\heheeetlingh Z@kvit? of impertamyeni @Qrticﬁlat{sﬁdlehncérﬁ?med with a
3 ytic, conversion of C9+ al kyl aromatic
ha‘ti' BiespalioRcomprEenESuEh 2s plajinge, ra?éléelurrhor rhenime thei Z5M-12 is

I t
I8P ASSBTR St Hr 4 e, ARSI B st e
ZSMlﬂ the pfSvh&5f t&S%éﬂld/&%Eeﬁe%%roﬁﬁMx@ﬁneﬁ FBucE Sbhvegsion
and second nol ecul ar sieve may be arr ed in separate

W 200081 sied ) termperstie 35 fisan ahout dbyaboub@eEF (340 to
‘C’:V'o.‘;nli@a(ltjg ?ﬂg %Fe&egﬁ@%ﬁfo% ngth 7384 gl?ou‘% %tSBAFV(%)O %" QSO°C), a pressure
of from about 100 to about 600 psig (790 to 4240kPa), and preferably from about
200 to about 500 psig (1480 to 3550kPa), a weight hourly space velocity (WHSV)
of between about 0.1 and about 200 hr'', and preferably between about 0.5 and
about 20 hr’', and a hydrogen, H,, to hydrocarbon, HC, molar ratio of between

about 1 and about 5, and preferably from about 1 to about 3.

Where the ZSM-12 of the invention is used in the catalytic
conversion of Co+ alkylaromatic hydrocarbons, the ZSM-12 may be used in
combination with a second molecular sieve having a constraint index of 3 to 12,
such as ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57 and

ZSM-58. The ZSM-12 and second molecular sieve may be arranged in separate



10

15

20

25

30

12 to the bed containing the second nol ecul ar si eve.
Alternatively, the ZSM 12 and second nol ecul ar sieve

we240&080mbi ned in a single catal yst bed. 5 |PCDUS®03/032853

to nore fully illustrate the nature of the invention
and the manner of practicing sanme, the follow ng
exanpl es are presented. Exanple 1 (Conparative) 10 A
m xture was prepared from 306 g of water, 83 g of 50%

T P R BT T2 Bl ot .
ORI G 8 G 5 e, e gy

SafitPsecotDmolechlar Sed2can be.cdmbigetd/in Sisthglecaalgst beEABr /

Si02 = 0.2 20 The m xture was reacted at 285F (1400
in a 600 mM autoclave wth stirring at 150 RPM f or

168 hours. , ' .

dei oni zed (H@d&r gﬁs{fn%ﬁgrlfhé%}a t%gélﬁw?%?g@sqﬁ%ﬁgn)?ﬁgme
pafahedrdf pfactibidg 3sme, e IdIRWi AL ek aiffil €y drapresémedkd t he

typi cal pure phase of ZSM 12 topol ogy. The SEM of the
as-synthesi zed material is shown in Figure 1 and shows.

t Examphel (Gompaxativel was conposed of aggl onmer at es of
smal | crystals (wth an average crystal size of about
0.05 microns). The as-synthesized crystals were

converted it ehikfige RYAr pBhreli Ofibl BY6 tNBf iveRer XN BNELS0%
wth ammoniumnitrate sol uti on at roomtenperat ure,

3 Ibtlfaeﬂhb’bmmorb}ym dbrcyrmdg (REABBD B4 31200) Itrasit Pia 1 SiSrgef adwminum

Q0 4 t
o hydpaie iR & G0k 20 iSRS TES Tiifure had the
ArIRAviMg dar Rbmpddliiomnd a Dir2 paraneter for
1,3,5-tfinethyl benzene (nesitylene) at 100C of 7,900

x 10" 6. WD 2004/ 0460381QZMIMBE2063/ 082853 13

HzO/ SiOz = 20
OHY/ Si0; = 0.2
Na'/ SiO; = 02
TEAB1/ Si0; = 0.2

The mixture was reacted at 285°F (140°C) in a 600 ml autoclave
with stirring at 150 RPM for 168 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattemn of the as-
synthesized material showed the typical pure phase of ZSM-12 topology. The
SEM of the as-synthesized material is shown in Figure 1 and shows that the
material was composed of agglomerates of small crystals (with an average crystal

size of about 0.05 microns).

The as-synthesized crystals were converted into the hydrogen form
by two ion exchanges with ammonium nitrate solution at room temperature,
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6
hours. The resulting ZSM-12 crystals had a Si0,/Al,03; molar ratio of 116, an
Alpha value of 120, and a D/r* parameter for 1,3,5-trimethyl benzene (mesitylene)
at 100°C of 7,900 x 10°°.



10

15

20

25

30

Exanpl e 2 (Conparative) The sane reactants and
procedure as Exanple 1 were used except that

woretoaphdosd et hyl armoni um (MITEA) brom de was UBETIUSR03/032853

the directing agent. 5 The SEM of the as-synthesized
material is shown in Figure and shows that the

mat eri al was conposed of agglonerates of rice-shaped
crystals (with an average crystal size of 1-5

m crons). 10 The as-synthesi zed crystals were
cBrarmgplec(Gampartabize)ydr ogen form by two i on exchanges
Wi th amoniumnitrate solution at roomtenperature,

foll owed by drying at 250F (120C) and cal ci nati on at
1000F (540CIn{ QimEreatAMS Sind Jﬂ%@ecﬁﬁ§h§ Ekﬁﬂ)lg$%e¥g used except
crystals had a Si 02/ Al 203 nolar ratio of 116,
Alhptuacthaltuethplam@nien (M BA)rb2opaleawes asedfas the dlrectlng agent.
1,3,5-trinethyl benzene (nesitylene) 15 at 100C of 19

x 10-6. Exanple 3 (Conparative) A mxture was prepared
from 348 g ¢fc WRMbf t}féoas%yﬁfhemgéh material is shown in Figure 2 and
nmet hyl tri et hyl ammoni um chloride (MIEACI), 64.3 g of
Ustovassthlat B m3tedidl grasfcomfllosad nﬂaggigmicmﬂsdra” rigenghapéd dxystals
of 50% sodi um h Egrom gef olution. The m xture had the

f OY it AYFraRs cAYS S5 08 1 BIFONS)-02/ Al 203 = 67 25 H20/
Sio2 =20 OH'/ SIQ2 = 0.22 Nat+/ Si02 = 0.22
MIEACI / SiOQ2 = 0.2 30 The mi xture was reacted at 285F
(140C) in aTBeas-wyntlmsized lceysenls wetehcoatvéenteadi int the hidfgéPMrm
for 168, hou The product was filtered, washed with

dBY dweziw %’tﬂ?‘?“%ét ith ARmeRipggniEate sﬁptl?qm@omﬂ?glp}m@re

PafifRed é/(faF 96¢ 45%&% 165 520 PR 1r 6
%?h&lgghﬁﬁg eria Zﬁ ‘%’ e ztiypl 1%’15 pure pﬁ(ésecgf '
Zbbhrd2 Thepebddgyg ZBMMe-12 crystals had a Si0,/Al;03 molar ratio of 116, an
Alpha value of 92, and a D/r* parameter for 1,3,5-trimethyl benzene (mesitylene)

at 100°C of 19 x 10°°.
Example 3 (Comparative)

A mixture was prepared from 348 g of water, 30 g of
methyltriethylammonium chloride (MTEACI), 64.3 g of Ultrasil PM, 2.33 g of
Aluminum hydroxide, and 17.4g of 50% sodium hydroxide solution. The mixture

had the following molar composition:

SiOz/ A1203 = 67
H,0/ SiO, = 20
OH/ SiO; = 022
Na'/ SiO, = 022
MTEACISIO, = 0.2

The mixture was reacted at 285°F (140°C) in a 600 ml autoclave
with stirring at 150 RPM for 168 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
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SEM of the as-synthesized material is shown in Figure
3 and shows that the naterial was conposed of

wagghom®sat es of small crystals (with an aver aper/US2003/032853

crystal size of about 0.05 mcrons). 5 The

as-synthesi zed crystals wereconverted into the

hydrogen form by two ion exchanges with amoni um
nitrate solution at roomtenperature, followed by

dryi ng. at 250F (120C) and cal cinatjon at_ 1000F (540C)
rhtgSE) gadenetisboved dhe PRiray gie1 phase 04 1230 Ifatepglogy. The

' I i . 168. n: 19. a o)
SYGH 88 ARl o i Bl e
(metrialwesiegmpased dPASEloheals of sitiGrystaa (Wpitle ad atéragy crystal
m xture was prepared from 1158 g of water, 85 g of
nHEH9A aboPEY Ay MBS um chl ori de (MTEACI), 178 g of
Utrasil PM 17 g of sodium alum nate solution (45%,
and 35g of 50% sodi um hydroxi de solution. The m xture
had the fol Thevangyniitdszed coRpalswele@onvetddAhdlBO Bydrogéh form
20 H20/, Si02 = 24.5 OH'/ Si02 = 0.2 Na+/ Si02 = .2
NIYE=ARP/ 1GP cpxchargges (wighs apaong; pitiate,selutien @ ggomt tegpgrature,

. : ] o L1 bRgat
(B o s Seps 26 By Wil B ABORLAIE) ror
whéirs. ddieauiutk ZOM-1ehetalaRgdl 81SiOgARD;3hkr £2113062)68.6, an
The XRD pattern of the as- synthesized material showed

t fidphaygiueaf 190y @%Eggp@ﬁmz@mrzlﬁééﬁamgyl benzene GEmditylene)

t he s inzed material was simlar to that shown
i%@g%?%@g&gﬁlg 30 showed that the material was

conposed of aggl onmerates of small crystals (with an
average crystal size of about 0.05 mcrons). WO
2b3amplesb34 PCT/ US2003/ 032853 15

A mixture was prepared from 1158 g of water, 85 g of
methyltriethylammonium chloride (MTEACI), 178 g of Ultrasil PM, 17 g of
sodium aluminate solution (45%), and 35g of 50% sodium hydroxide solution.

The mixture had the following molar composition:

Si10,/A1,0; = 60
H,0/ Si0, = 245
OH7/ Si0, = 0.2
Na'/ SiO, = 2
MTEACI/SIO, = 0.21

The mixture was reacted at 320°F (160°C) in a 2 liter autoclave
with stirring at 150 RPM for 168 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-12 topology. The
SEM of the as-synthesized material was similar to that shown in Figure 3 and
showed that the material was composed of agglomerates of small crystals (with an

average crystal size of about 0.05 microns).
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The as-synthesized crystals were converted into the
hydrogen form by two ion exchanges with amoni um

woRimat@3sol uti on at roomtenperature, foll owedI/Dg2003/032853

drying at 250F (120C) and cal cination at 1000F (5400

for 6 hours. The resulting 1258M12 crystals had a

Si 2/ A1233 nol ar ratio of 58.71, an 5 Al pha val ue of

340, and a D/r2 paraneter for 1,3,5-trimethyl benzene

(mesityl ene at 100Cof 1150x10- 6. Exanple 5 10 A

m xture wasTpe ebmwsrmém@dmwgre@ronm@rmmhs hydrggen form
| anmoni. um Br o

g@%l ul()t l%ll’leéxr%fi%g ‘f/lﬂil Iammoﬁn&%: gl(tra 1,SO u?mn %§ 3r09m {epé)erature

m silTca um num ni

afflohRd 4y bif 250°F @20W (&&P/@a@lh]uﬁmab 1000%€ BUaiQ) Rr 6
had 0t he folalfyg\fmg-lngsrm aeral con)'p03| tion: Si 02/A12(13(ﬁm4 q%)

150m120’Ths| resulting W/crﬁtadszhad 0. Sst/Nézga 18plpp ratiogofs58.1, an

The m re

U R Vol oy it Bur Bl 16 SR e R GHiytenc)
RRMdoec oF329s5dQuns. The product was filtered, washed
wth deionized (D) water and dried at 250F (120C).
The XRD pattern of the as- synthesized material showed
tE:e tg%’P pure phase of ZSM 12 topol ogy. The SEM of

"sint hesi zed material was simlar to that shown
in Figure 3 and 25 shows that the material was
conposed of aggl onmerates of snmall crystals (with an
average crysy ahi>@11rzewe$ rabpued 0r@b rlri@4f g f. whatee, 105 g of

gc,m%nt ht iﬂ%&ﬂq crx}t 8?%3@%5?@5 #]nto thﬁ{j’ﬁﬁe solution,

niyb i3t & a‘-’r&hﬂﬁxhpﬁitxﬁ{e #n@Q8)45 YRS LR (9890 sd10tidr)Hle Biixture
drying at 250F (120C) and cal cination at 1000F (5400

f bad Gleifgllmsmg'lfh@axrwupomtmg ZSM 12 crystals had a

Si O2/ Al 2C3 nol ar ratl /AH) 8, an g\{)) 2004/ 046034
PCT/ US2003/ 032853 16

HzO/ SlOz = 57

OH'/ Si0, = 03

Na'/ Si0, = 0.6

MTEAB1/S10, = 04

The mixture was reacted at 320°F (160°C) in a 2 liter autoclave
with stirring at 150 RPM for 120 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-12 topology. The
SEM of the as-synthesized material was similar to that shown in Figure 3 and
shows that the material was composed of agglomerates of small crystals (with an

average crystal size of about 0.05 microns).

The as-synthesized crystals were converted into the hydrogen form
by two ion exchanges with ammonium nitrate solution at room temperature,
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6
hours. The resulting ZSM-12 crystals had a Si0,/Al,03 molar ratio of 51.8, an



10

15

20

25

30

Al pha value of 330, and a D/r2 paraneter for
1,3,5-trinmethyl benzene (nesitylene) at 100C of 1400

wo 2ddnbs03Exanmple 6 5 A mixture was prepared fronmuind$o32sss3

g of water, 98 g of nethyltriethylanmoni um chl oride
(MIEACI ), 204.5 g of UtrasihgPM 24 g. of sodium
al um nate solution (45%, and 43.2g of 50% sodi um
hydr oxi de solution. The m xture had the follow ng

lLar ¢ 0SJ.td on; 2SI O2/ Al 208, = 50. /. Si02 = 22
O e G 0h Sha a0 Paretar Tt b3.5” skl heegpe smdilene)
13t ToeCrarmuon @ 10ets reacted at 285F (140C) in a 2 liter
autoclave wth stirring at 150 RPM for 336 hours. The
product was filtered, washed with deionized (D)
V\@L{er nd dried at 250F (120C). The XRD pattern of the
as*a0P Resi zed material showed the typi cal pure phase
of ZSM 12 topol ogy. The 20 SEM of the as-synthesized
material was simlar to that shown in Figure 3 and
shows that themimrer wab peparednfrosed 186 agolf oweteat 08 g of

of |l crystals (w.th. a verage crystal size of

O eg SRt b A BRSPS o of

C Q8R! AmiMAtOsdiGorNMU8EHIS 9D Iof 280 ¥odiii Hly@fbxide solution.

exchanges wth ammonium’'nitrate solution at room

t dilp ematune kad the ddllcwvieg mmjaradomipogjtian: 250F (120C) and

cal cination at 1000F (540C) for 6 _hours. The

resul ting ZSM 12 crys§1§2&?h%ﬁ a Sié®/ A 208 nolar ratio

of 46.3, an Al pha val¥ 90:472, =add a D/r2 paraneter

for 1,3,5-trimethyl b@HZ&@: (nmesFtWane) at 100C of

3600 x 10"6. 30 WD 20947 S4BO34 PET/0I32003/ 032853
MTEACVSiIO, = 0.2

The mixture was reacted at 285°F (140°C) in a 2 liter autoclave
with stirring at 150 RPM for 336 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-12 topology. The
SEM of the as-synthesized material was similar to that shown in Figure 3 and
shows that the material was composed of agglomerates of small crystals (with an

average crystal size of about 0.05 microns).

The as-synthesized crystals were converted into the hydrogen form
by two ion exchanges with ammonium nitrate solution at room temperature,
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6
hours. The resulting ZSM-12 crystals had a Si02/A12'O3 molar ratio of 46.3, an
Alpha value of 472, and a D/r* parameter for 1,3,5-trimethy! benzene (mesitylene)
at 100°C of 3600 x 10,
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17 Exanple 7 A reaction m xture having the sane
conposition as in Exanple 3 was conbined with 0.5wt %

wo@Roogmem34 of ZSM 12 as produced in Exanpl e 3 apdI/US200%632853

reacted at 320F (160C) in a 5 gallon autoclave with
stirring at 150 RPM for 120 pours. The product was
filtered, washed with DI water and dried at 120C. The-
XRD pattern of the as-synthesized naterial showed the
tépi cal 7gure phase of ZSM 12 topology. The SEM of the
aExamplehkesi zed material is shown in Figure 4 and
shows that the material was conposed of aggl onerates

of small crystals (with 10 an average crystal size of

about 0.05 Aica&bH mixtie RASMENRE bant cempoditict ad & Bearfple 3
converted into the hydrogen form by two ion exchanges
wiveh cerpigad ot Swateeofsssedg 9loASHE 12 b aTadupgskinaExgreple 3 and

foll owed.b oYl . F (12 cal ci nat |
B0t S K TR0y 8 e S ARG AUEMAR B4 G0 KoM for
ClYGhalrs. e prodicOW Al dWaghedr with ®I0{atéBandl didédl at 120°C.
Al pha val ue of 560, and a D/r2 paraneter for

1T8e XRD pattarppf threrreynthesiged maieriehghowedithg areabpug, phase of

X - The rel.ati agtjvit nd. t he Si QR/LAL2CB . .
ot 1raToe TS D b S m R d et € Sipgfulo Figwre 4
t @nd sif8 tRatQhd Bfitdrial WagbéBpdsed bf agdlbmeRifes HF Sall rc%'!la]s (with
Figure 5 that ZSM 12 crystals with Si Q2/ Al 23 <60 and

t e avrsagerarystatsizstadlabept 0.05 miseons).or m of aggl omer at es of
smal | crystals, can be produced by using MIEA
hydr oxi de or their salts at 260-320F (140-160C) under

stirred conghtia@8pnthelbzeeayiRll£wore/tohvdftciZing ﬂh@i}?gro en form

catal yst was prepared from 65 parts of Hform 12
chbystwal iopr exhhergesi WitEhxamwpbeius nitsatal solutibn 3% roamt tenyferature,

SRS G503 podSuTo LA Rifiidfa! Tg00Fsa00) for 6
CHbid rl'rnéaflesﬁﬁﬁ%lz@@x.qg-c bis RAPRAOI AR MERE P4i0\6f £8.2, an

dried at 250F (120C) and WD 2004/ 046034 _
P@&Tphas20@3s 028681 a D patavieter dorat,3 pa0iortlys be@ene (mesdtylene)

h%%‘[@cho'}%,Js'onx' f‘&l@d extrudate had an al pha of

The relative activity and the SiO,/Al;0O3 composition of the ZSM-
12 crystals of Examples 1 to 7 are plotted in Figure 5. It will be seen from Figure
5 that ZSM 12 crystals with Si10,/Al,05 <60 and the desired morphology in the
form of agglomerates of small crystals, can be produced by using MTEA
hydroxide or their salts at 260-320°F (140-160°C) under stirred conditions.

Example 8

A ZSM-12/alumina catalyst was prepared from 65 parts of H-form
ZSM-12 crystal produced in Example 5 mixed with 35 parts of LaRoche Versal
300 alumina on a dry basis. The mixture was mulled and formed into 1/16"

cylindrical extrudates. The prepared extrudates were dried at 250°F (120°C) and



10

15

20

316. The finished extrudate was then inpregnated with
an ammonium 5 perrhenate (APR) solution via incipient

wortnes®34 npregnation to give 0.5wm % Re on t hBCT/US2003/032853

extrudate. . The extrudate was dried at 250F (120C)
for 2 hours and then calcingg in air for 1 hour at
975F (524C). The inpregnated and cal ci ned extrudate
was steaned in 100% steam at 900F (482C) for 5.5

hours. The fi Latal yst contained 0,44wt % Re and
nadlce &) 50D 2pensC3irde Fous” il dnine? $Edaig R aipha of
prepared in Exanple 8 was tested in the catalytic
conversion of a C9+ aromatics feed containi ng about
60wt % t ol uene and having 15 the precise conposition
given in Taﬁ_l efz,g‘gl ow, The cat ﬁ' yti c eval yations were,
performed i ithed sfdaeTasghen gppregpajeds Withy an ammonium
n

b HRle AERIERlich AL IRIpEN Femeds Hnprotiah W3ve 3024 e
I oadhaextiudatehe The @gtrodate wlaedned al 2559t’F m@°6) fe@ lsdur?44iGhen
for. 2 haurs and_reduced w en for 1 hour at

4 88'eingdh dn 21h o ég]é%‘rp*?tegéiﬂ; e<58ﬁ‘)634ogfb§|lglp(%@a@dkm) calcined

-2thTH&tJ &S LREmUPTh 'i@@’p shed §td9d(')glg§£82%} fRGEd) hI)l.CI’rst bﬁ)e final

reaction tenperature of 427 reaction

Cc cadlyst @ataitiede. p4verds Reand haddiDalpba val(24860.kPa) , a
hydrogen to hydrocarbon nolar ratio of 1.2 and a WHSV
of 3-6. The results are sumarized in Table 2 bel ow
%%4{)846034 PCT/ US2003/ 032853 19 Table 2 WHSV 6. 00

3. . 3.00 3.00 3.00 3.00 Days on Stream 1.13

1.90 2.83 3.83 4.83 5.42 6.42 Yields, w% FEED
PR(DUCTI\/Ethane127106127033008008008 c2
2.09 2.22 2The atalpt prempred v Example Brway ftestpsd In g catalytic

ciljgve:l'maﬁs oiLa 9+131'§r}1a&cs51;ee& cgﬂtamlng about 60wt% toluene and having

the precise composition given in Table 2 below. The catalytic evaluations were
performed in a microunit having a 3/8" (9.5 mm) external diameter reactor tube,
into which was loaded catalyst, mixed with sand as a packing material. After
loading in the reactor, the catalyst was dried at 200°C for 2 hours and reduced with
hydrogen for 1 hour at 427°C and a hydrogen pressure of 340 psig (2445 kPa).
The reactor was then heated under nitrogen to the reaction temperature of 427°C
and the reaction was conducted at a pressure of 340 psig (2445 kPa), a hydrogen to
hydrocarbon molar ratio of 1.2 and a WHSV of 3-6. The results are summarized

in Table 2 below.



C4 0.70 0.55 0.68 0.68 0.74 0.64 0.70 C5 0.11 0.08

0.11 0.07 0.08 0.08 0.08 C6 non-A 0.36 0.36 0.27 0.27
w0 204/00%03¥ 0.30 C7 non-A 0.02 0.01 0.02 0.01 BCcDUStHNEE32853
01 Benzene 9.43 9.58 11.19 11.35 11.60 11.47 11.76
Tol uene 62.95 39.87 39.97 363160 36.37 36.72 36.52
37.84 Ethyl benzene 0.05 1.59 1.65 1.11 1.06 1.12 1.09

0.

1.31 Xylenes 3.26 26.98 26.801 -

31.09 31.54 31.30

31.53 29.46 Cunene 0.34 0.01 0.01 0.01 0.01 0.00 0.01

0.

01 n- ro ]benzene 1.05 0.01 0.01 0.01 0.01 0.01

0.01 0.01 Ethyltoluenes 1Zapf 8- 53 3.68 1.79 1.77

1.77 1.80 2.28 Trlnethylbenzenesk18 58 10. 16 10 92
RSy I1 9 T09 85O P ety ORI 2T ‘50; ni%“ 03:00] 3.00
o B S 22 o4 oles o i ek i £ R
Terrarethyl-beazenes—0-100-0,50-01.40 6510 6
o a2 IAEER o 25 0 o6, nﬁa laue 0.28
banendans 0.08 0 08 0 10 4:27] bodqo H2H0033pP.08] 0.08] 0.08
@t hal ene 008 008 [0.08]0208] (2.28 (2.08 0.16B 2.0%t 109| 2.09
| dBsoivlanal enes 0.22 0. 22 Q. B5106871.09/351.06/36.46] 3451 1.51] 1.51
OGfer 0.05 0.70 0.72 .96 0. 9300. (995 1.@88|1088 olpd uessd 0.70
Cgifver si on (w9 36.66 36. 50 04| 8vod2. @21[40.066 Fds|O80s| 0.08
3LdHdn-MA9+ Conversion [(wt % 5.136390?@2@2 7033] I2AY0.27] 0.30
SIC7AfnYe. 77 56. 30 TollueneFAGin 0gyRT 54 071 0090 it 661 0.01
4lpefdend /- 47 4720 47. Y2 27703 Ab. B0 247 1176
TBrofind ©- 30 78. 88" 79. 2767 13] B3 ghP 3267 36,601 g'?jﬁ(gi;z 36.52| 37.84
P ¥enkefz ©0) 96 36 " 20057 L4758 Sresl oit] 1080 181,2 -1.09) 1.31
AL MR B 3 7 552 ) T D 1
1 ef} _ 20d4L645082 1 b 12 hdid/ B D00] 2401] 0.01
n-propylbenzene 1.05] 0.01] 0.01) 0.01] 0.01] 0.01| 0.01] 0.01
Ethyltoluenes 12.72| 3.53] 3.68[ 1.79] 177 1.77| 1.80] 2.28
Trimethylbenzenes 18.58] 10.16] 10.05| 9.64] 9.91| 9.70{ 9.85 9.54
Diethylbenzenes 037 0.06] 0.07] 0.03] 0.03| 0.03] 0.03| 0.04
Dimethylethylbenzenes 0.44| 0.74] 0.77) 0.54] 0.55{ 0.55| 0.56] 0.63
Tetramethylbenzenes 0.00) 0.50] 0.49| 0.64] 0.67| 0.65| 0.66| 0.58
Indan 0.21} 0.33] 0.34] 0.25] 0.26] 0.25| 0.26/ 0.28
Methylindans 0.08{ 0.08 0.10[ 0.11] 0.10] 0.10] 0.09
Naphthalene 0.08] 0.08f 0.08] 0.08/ 0.08] 0.08{ 0.08
Methylnaphthalenes 0.22| 0.22[ 0.35] 0.37| 0.35{ 0.36] 0.34
Other 0.05{ 0.70{" 0.72{ 0.96{ 0.93] 0.99] 1.02[ 1.01
Toluene Conversion (wt%) 36.66( 36.50{ 41.87| 42.22| 41.66( 41.98( 39.90
Agt Conversion (wt%) 51.59( 51.26] 57.83| 56.80| 57.40| 56.77| 56.30
Toluene+Ay+ Conversion (wt%) 41.88] 41.61| 47.47| 47.20| 47.02| 47.03| 45.48
BTX (wt%) 66.21| 76.28| 76.35| 78.88| 79.27| 79.63| 79.52| 79.05
Benzene Purity (% C6) 96.36| 96.39] 97.61| 97.67| 97.73| 97.67| 97.52
Ring Loss (mol %) 4.02{ 3.76[ 3.73] 3.09| 2.80| 2.82| 2.64
Hydrogen Consumption (%) 13.42]| 11.23] 10.77| 4.39] 1.98| 1.73] 1.43




Exanpl e 10 The process of Exanple 10 was repeated but
wWth the catal yst being steaned at 900F (482C) for
w6 2v4oaess before being contacted with the t hepeBUB2005032853

feed as used in Exanple 10. Process conditions were

asin Exanple 10 and the res@0ts are sunmarized in

Table 3 below. Table 3 WHSV 6 6 6 3 3 Days on Stream

1.13 1.90 2.83 3.83 4.83 Yields, w% Methane %).927

1. 0.33 0.08 C2 2.09 2.21 2.09 2.15 2.

Pr]%%;l;pelﬁgol. 16 1.19 1.16 1.45 1.51 C4 0.81 0.78 0.75

0.92 0.78 C5011008011007008 C6nonA037

0.37 0.37 0.34 0,02 0.01 0

Benzene 10. eféocf?s ‘ifgg ﬁilggvaﬁeg%tegﬂaa Wléhéh%‘@taéyft bemg

3 7
L ey e 39 13 A RIEEARR R onbd o e same
cfeﬁtdo@nlzmden Ex@inple 00. (Prodes® cOMiGodlwerkt dsil Emzimpilﬁeﬂ and the

3.38,3.43 3.51.1.04 S Trimet hyl benzenes 9. 96 10. 13
r@%"‘iﬁr%‘“@“%e‘iﬁgéﬁ? Jelf¥hes 0.00 0.00 0.00 0. 04

0. 00 D ethyl benzenes 0. O7ﬁggg%30 07 0.01 0.04 EXneth

| eth | benzenes 0.77 0.78 O 70 0.65
Tet E&‘h’y‘l‘bﬂ‘iﬁl‘@?—e—’:}f—e—: 9065 0-55—+ndan
0. 3403503563363+ Mathy 6?‘{!.%}&56 V.QSB 08 4. 08 3
0. 1624y BB Stréam 1, 13 1.90( " 2.83] 3.83) 483
Yields, wt%
Methane 1.27 1.06 1.27 0.33 0.08
c2 209  221] 2.09] 215 2.09
Propylene 1.16 1.19 1.16 145 1.51
C4 0.81 0.78 0.75] "~ 0.92 0.78
CS5 0.11 0.08 0.11 0.07 0.08
C6 non-A 0.37 0.37 0.37] © 0.34 0.32
C7 non-A 0.02 0.01 0.02 0.01 0.01
Benzene 10.39( 10.27( 10.29{ 11.23| 11.60
Toluene 36.92[ 36.65| 37.33] 40.86] 36.67
|Ethylbenzene 1.73 1.74 1.79 1.40 1.37
Xylenes 29.12| 29.28] 28.65] 26.23] 30.25
n-propylbenzene 0.01 0.01 0.01 0.00 0.01
Ethyltoluenes 3.38 3.43 3.51 1.04 243
Trimethylbenzenes 9.96/ 10.13 9.98 10.84 9.98
Propyltoluenes 0.00 0.00 0.00 0.04 0.00
Diethylbenzenes 0.07 0.07 0.07 0.01 0.04
Dimethylethylbenzenes 0.77 0.78 0.77 0.70 0.65
Tetramethylbenzenes 0.51 0.52 0.49 0.65 0.58
Indan 0.34 0.35 0.35 0.33 0.31
Methylindans 0.08 0.08 0.08 0.10 0.09
Naphthalene 0.09 0.09 0.09 0.10 0.09
Methylnaphthalenes 0.18 0.19 0.18 0.27 0.25
Other 0.63 0.69 0.64 0.93 0.82
Toluene Conversion (wt%) 41.35{ 41.77] 40.69| 35.09] 41.74
A9+ Conversion (wWt%) 52771 51.63] 52.35] 55.91] 55.06
Toluene + A9+ Conversion (wt%) 4531{ 45.11{ 44.75] 42.14] 46.23
BTX (wt%) 76.43] 76.20] 76.27) 78.32] 78.51
Benzene Purity (% C6) 96.59| 96.55| 96.50] 97.05] 97.30
Ring Loss (mol %) 4.15 4.20 4.10 2.87 2.89
Hydrogen Consumption (%) 1440 1293( 14.08 4.17 3.46
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Napht hal ene 0.09 0.09 0.09 0.10 0.09 Meth Ina
ht hal enes 0.18 0.19 0.18 0.27 0.25 Oher 0.63 0.69

w@2@4/0%6038 0.82 Tol uene Conversion (W% 41. 3BCHLS263/032853

40.69 35.09 41.74 A9+ Conversion (w% 52.77 51.63
52. 35 55.91 55.06 Tol uene +32A9+ Conversion (W%

45.31 45.11 44.75 42.14 46.23 BTX (W% 76.43 76.20
76.27 78.32 78.51 Benzene Purity (% C6) 96.59 96.55

90593598037 30 Rin Loss (mol 9% 4.15 4.20 4. 10
2 HQYML1Yr o en Consumtion (% 14.40 12.93 14.08

4.17 3.46 WD 2004/ 046034 PCT/US2003/ 032853 21 What
is claimed is: 1. A porous, crystalline material
hdvi ng A perohis, anystadike wiatemial bavang theZABnhaPork atrictare of ZSM-12

co osition.involving.the nolar relationship: 5 X203

oY YoomRpa e HvalvinE e Mo r Blienient, ¥ i s a
tetraval ent el ement and X, 6, t han 60, wherein
t he average crystal size of t e material is less than
0 whepsic Xois aatnidlalemthaleraemt, Yhie antatr@valenlt et&a&enaatm ﬁfiu Risothan 60,
Paraneter for mssitfl ene o{ at | eas GthOx sec -1

WA 485 PuEreRt CRrTal e af e mFe 0.1 Tileron and
NMSctelh BREMMAESAHE § ]ﬁf'fugoﬁ Pﬁxrameteilg% %nes-qgﬁn@ef 83%3& 1000x10°

crystalllne matertal of Claiml ereln ni1s

| 886 WhemmeBured3t a Tmpqratuceust, 1007Q ahdih kriesieylemd redsate aff2 torr.
Caiml or 2, wherein Xis alumnum and Y is silicon.
15 4. The porous, crystalline material of any

preceditig btk r@ry%ﬁ]ﬁﬁ@hﬁtéﬁl ﬁf CliRhe! bvﬂérefﬁ‘%?‘lsa}l@ t?lrl]éegp than 60.

val ue in excess of 150. por ols, crystall
mat eri al of any precedi ng Claim wherein said 20
materi aIl has an alp Pa val ue ir}excess of 300.
. he porous, crystalline material of Claim 1 or 2, wherein X is aluminum

and Y is silicon.

4. The porous, crystalline material of any preceding Claim, wherein said

material has an alpha value in excess of 150.

5. The porous, crystalline material of any preceding Claim, wherein said

material has an alpha value in excess of 300.

6. A process for synthesizing the porous, crystalline material of claim 1,
comprising the steps of:

(a)  preparing a mixture capable of forming said material, said mixture
comprising sources of alkali or alkaline earth metal (M), an oxide of trivalent
element (X), an oxide of tetravalent element (Y), hydroxyl (OH) ions, water and
methyltriethylammonium cations (R), wherein said mixture has a composition, in
terms of mole ratios, within the following ranges:

YO,/X505 = less than 100
H,0/YO, 10 to 100
OH/YO, = 0.1t00.6
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6. A process for synthesizing the porous, crystalline
material of claiml1l, conprising the steps of: (a)

w@e@patdony a m xture capable of form ng sai d nBCEUBZM03/032853

said m xture 25 conprising sources of alkali or

al kaline earth netal (M, anpxide of trivalent

el emrent (X), an oxide of tetraval ent elenent (Y),
hydroxyl (OH) ions, water and nethyltriethylamoni um
cations (R), wherein said m xture has a conposition,

in terns of mMMYQtios, Wi@hithObhe foll ow ng ranges:
Y02/ X203 = | ess 4t an 100 30 E&Oégoz = 10 to 100
OH/YR =0.11t 78 WO 20049' (5031 PCT/ US2003/ 032853
28)M YiRirfaifing shid Bixbure RIneRsiFfibledt dondfios ubt) crystals of said
mai nt ai ni ng said m xture under sufficient conditions
umiateriabarg doraied; arfd said material are fornmed; and 5 (c)

[ i d. talli J ial f. t ).
7 Tt BB e igrrata g BARHEPEr R4l Teact on
m xture has a conposition in terns of nole ratios

within the follow ng ranges: Y02/ X203 = 40 to 80 10
H20/ YORhe pagsessoofAQainDié, wYiezin-said teaction mixture\hagop cemposition

0.15to0 0.4 /Y02 = Q. 151t0.0.4. 15 8. The process of
d‘bﬁeml%og?’d?,r%ﬁ‘?é’i“g?lﬂ(abea'ogogg}%a%eéns i ncl ude a
tenperature of Y@P&,0f | essqo® gorhe process of Caim
8, wherein said conditions include a tenperature of

140C to 160C. 2H0/YO; = 15t0 40
OH/YO; = 0.15t0 0.4
M/YO, = 0.15t0 0.4
R/YO, = 0.15t0 0.4.
8. The process of Claim 6 or 7, wherein said conditions include a temperature
of 170°C or less.
9. The process of Claim 8, wherein said conditions include a temperature of

140°C to 160°C.

10 The process of Claims 6, 7, 8, or 9, wherein M is sodium.

11. A process for converting Co+ alkylaromatic hydrocarbons to a product
including xylenes, comprising the step of contacting a feed containing Co+
alkylaromatic hydrocarbons together with toluene and/or benzene under
conversion conditions with a porous crystalline material according to any of
Claims 1 to 5 or with a porous crystalline material prepared by the method of any

of Claims 6 to 10.

12.  The process of Claim 11, wherein said conversion conditions include a

temperature of from about 650 to about 950°F (340 to 510°C), a pressure of from
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10 The process of Clains 6, 7, 8 or 9, wherein Mis
sodium 11. A process for converting C9+ al kyl aromatic

whyanoe@sbons to a product including xyl enes, PCT/US2003/032853

conprising the step of contacting a feed containing
C9+ 25 al kyl aromatic hydrocarbons together with

t ol uene and/ or benzene under2tonversion conditions
with a porous crystalline material according to any of
Clainms 1 to 5 or with a porous crystalline materia

paEN 60 td}bdu S00REIR0A90fto dD¥0kPRf, Cvaighthdurtyosphbe vabcity of
12. The process of Caim1ll, wherein said conversion

cbetwieen abaut Onlcangdgabost 20Q ke ead ahydoren fohydipeanporsmglar gatio
abput 950F Q C), a pressure of from WD
268‘&"/‘82%1)%"8(1%‘??‘3@}8%37 032853 23 about 100 to about

600 psig (790 to 4240kPa), a weight hourly space

velocity of between about 0.1 and about 200 hf-', and
alhydr dhemreasshpfl Cdaimr bbnwherehr saidicpavergen sepdigians include a

t b : 13. o [
B RS 25840 Bl tR0 3 B8 AL pRRshite of from
t bR BHUb aibsht 560pRiAREAR0 1659S JORPAD ALK eiBBOIoUrKOshat® velocity
450C), a pressure of fro about 200 to about 500 psig

( beBGen ob3B Ok ama) abont Akhighandha hydrogeptadwdipspiden mpolar ratio of

bet ween aboyt, 0.5 and about 20 hr-1, and a hydrogen to
h§8ﬁ’”§8’é?€%ﬁqr{ﬁlag?ut%ati o of between about 1 to about

3. 10 14. The process of claim1ll, 12, or 13, wherein

said feed is also contacted with a second nolecular
sildve Ahvipragess ofotrimrdi A2, aridewhetinaidfeedis al® contasted with

process of. Claim 14, wherein sai.d, se d | ecul ar

O L L R RV e Ty

ZSM 23, ZSM 35, ZSM 48, ZSM 57 and ZSM 58.
15.  The process of Claim 14, wherein said second molecular sieve is selected
from ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57 and ZSM-
58.



